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Institute for the Study of
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Department Manager: Olle Ljungstrdm
STU January 16, 1974

" The Wind-Power Generator

Referring to our telephone conversation of today, I am
sending you a short presentation of the synchronous flow generator
which has been developed at the Institute (see pp. 6-7 of
enclosed publication].

In principle, the generator is used within a very large
effective range; however, I would like to point out that we have
not done any studies regarding its usefulness in comparison with
other solutions. One can, of course, use a normal synchronous
or asynchronous generator as a wind-power generator; the resulting
frequency is then converted into 50 Hz, either with a dc converter
or with direct change of frequency. In conjunction with this,
I would like to mention that we are now in the process of
developing a freguency control of an as yet untested type, which
could possibly be utilized in connection with wind-power generators.

Since we at the Institute have been most Interested in the
study of thyristor techneoleogy in conjunction with electrical
machinery, I would be very happy to present our project at the
time of your wvisit.

Very truly yours,

/s/
Prof. Svante wvon Zweygbergk



SYNCHRONOUS-FLOW GENERATOR
S.v. Zweygbergk

The synchronous machine is the normal rotating electrical /8%
machine used to produce electrical energy on a large scale; how-
ever, It also has other uses: A well known example is as the
movement in an electrle clock. Here, an essential characteristic
is used with this type of machine —— 1ts rpm is tied to the voltage
frequency, whether 1t is used as a generator or a motor. This
characteristic has ddvantages and disadvantages. It 1s used most
effectively in the synchronized watch. The average frequency
within the network is very exact, and the result is a simple and
inexpenslve watch, which keeps good time provided it is properly
charged.

Disadvantages of the Ordinary Synchronous Machine

We percelve, however, that the connection of rpm with the
network 1s an obvlous disadvantage where generators are concerned.
For example, we can mention that today synchronous generators are
produced with a rated output on the order of 1 GVA (1000 MVA).

Quick load changes in the generator produce major stress on the
automatlic control system if the performance of the rpm-differential
falls as the result of disconnection of the generator unit. The
synchronous machine is normally built with a three-phase alternating
current 1n the stator and direct current in the rotor (Fig. 1).

The three-phase currents produce a magnetic flow Bg, which
rotates with revolution Ng synchronized with the network frequency.
The rotor's fleld winding is fed with direct current and generates
a flow Be. In order to keep a constant moment,the.two propagating waves
By and By must have zero yeloclty withjrespéct to each other, which
 means, as was pointedﬁqutlgaflier, that‘the‘révolution“nf"of‘the

#Numbers 1in the margin Indicate pagination in the forelgn text.



rotor must be the same as ng.

" Feeding Alternating Current
“into the Rotor

The concept of a rotor
wlth polyphase winding
which 1is being fed poly-
phase alternating current
of suitable frequency is
close to realization. The
rotor field will then
rotate relative to the
rotor. Then, if the
frequency of the rotor is

governed through a re-

connecting system so that

the stator wave and rotor
wave have zero velocity
wlth respect to each
other, the condition for

preoducing a constant moment
with varied rotor rpm is
fulfilled.

Progress within the
sphere of electronics is
presently very rapid, and
. production of available
IR components makes it
o possible to construct
. K fechnically sophisticated
.; N{QfHJ equipment and to have /2
T TR economical regulation of

_ large amounts of power.
Fig. 1. Principle of construction of “TRE “Baul Bient bdeames .
the synchronous machine. - equipment becomes
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completely static with small overhead and slight risk of
Stoppage.

Tn 1963, within the scope of a licentiate project at the
Institute for the Study of Electrical Machlnery, an lnvestigation
into direct,fréquency refersal with the aid of durable semi-
conductors (thyristors) began. The results obtained have been
used as a basls for designing the operating equlpment of a
synchronous-rlow genérator. It 1s based on the prilneiples
given earlier, wilith alternate current belng fed from direct
frequency control to the rotor on a synchronous machine. The
rotor winding 1s two-phase, so that the simplest possible control
can be obtained. See the simplified diagram in Fig. 2. The
work was begun in 1966 with a grant from STFR.
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Fig. 2. Block dlagram for operating
equlpnment..
Key: a. Drive motar ¢. Frequency differential
b. Network d. Control drive

e. Guide screw



- Advantages of the'Sysfém

A generator with this type of regulating equipment cannot
fail In the ordinary sense, although a quick load change could
naturally cause problems. With careful dimensioning, a syn-
chronous—-flow generataor hecomes far superior to the conventlonal
synchronous generator as far as stablllty 1s concerned. The
generator's voltage frequéncy can be directed very simply from
an external normal frequéncy, indépendent of the motor's rpm;
this is an essenttal advantagé when the generator is supporting
a load by 1tself, such as a reserve power plant for a hospital, etc.

Generators on Ships

Another toplcal and interesting use of a synchronous-flow
generator 1s as a reserve power supply on large ships. Here,
one 18 Interested in using the main motor to its fullest
capaclity for the production of extra power; therefore, a syn-
chronous-flow generator would be very attractive. The Institute
would be very ilnterested in working with the shipbullding industry
in further development of this area.

Large (enerators

The contlnual extension of large power systems brings about
additional problems in stablility. These problems can be reduced
considerably by the use of synchronous-flow generators. A syn-
chronous—-flow generator constitutes an alternative to the refined
relay technique which demands certainty of the security of opera-
tion for a large power system. As far as we know, no large
generators of this type are in operation, but it must be pointed
out that due to the adyantages they offer (in combinatlon with
development of semiconductors in the power field), such con-
struction is not too far AWaY .
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Plan of synchronous-flow generator.

Synchronous—-ilow generator drive

Key: a.
b. A contact
c. F sectlion

Current transformer for stator current feed



